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reliable, and easy to perform. One of these two techniques involved measuring a head position which 
caused the greatest stabilization of the autokinetic movement illusion. This was called the AKM 
technique. A second technique involved stabilizing the head and identifying a stimulus which was 
monocularly perceived as oculocentric. This was called the oculocentric technique. On the 38 subjects 
tested, the mean TPR was slightly convergent, between one and two meters, with large intersubject 
variations. This was consistent with earlier studies of TPR. Though a slightly convergent posture during 
fusion free situations may not ·be significant to most people, such a posture could be detrimental to 
pilots, particularly to those who fly at night. Also, abnormal TPR 1s were found on the ·few subjects who 
had high phorias indicating that TPR may prove a diagnostic measure for visual training. 
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ABSTRACT 
The tonic vergence position of rest (TPR) is important to 
any discussibn involving a fusion free posture. This posture 
is assumed whenever the eyes attempt to fixate in an empty field. 
Therefore, aircraft pilot•s visual performance, for example, could 
be significantly influenced by an individual TPR which was not set 
to infinity. Furthermore~ abnormal TPR 1 s could be either a cause 
or an indicator of poor visual motor skills. 
The purpose of this study was to determine the feasibility 
of three new~ clinically available techniques for calculating 
TPR. Also included in this study was a new method for determining 
the accommodative posture of rest using a ciliometer. 
Two of the three TPR techniques proved to be highly 
correlated (r=.79)~ reliable, and easy to perform. One of these 
two techniques involved measuring a head position which caused the 
greatest stabilization of the autokinetic movement illusion. 
This was called the AKM technique. A second technique involved 
stabilizing the head and identifying a stimulus which was 
monocularly perceived as oculocentric. This was called the 
oculocentric technique. 
On the 38 subjects tested, the mean TPR was slightly 
convergent, between cine and two meters, with 1 arge i ntersubject 
variations. This was consistent with earlier studies of TPR. 
Though a slightly convergent posture during fusion free situations 
may not ·be significant to most people, such a posture could be 
detriment~l to pilots, particularly to those who fly at night. 
Also, abnormal TPR 1 s were found on the ·few subjects who had 
high phorias indicating that TPR may prove a diagnostic measure 
for vis~al training. 
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THREE METHODS FOR DETERMINING THE TONIC VERGENCE POSITION OF REST 
by Jack Farris, O.D. 
INTRODUCTION AND BACKGROUND: 
E. E. Maddox <1893> was the first to publish a classification 
of vergence eye movements. He proposed that convergence could be 
divided into four components: tonic; accommodative; convergence 
due to the knowledge of nearness, now termed proximal; and 
reflex, now known as fusional or disparity vergence <Stark, 
Kenyon, Krishnan, Ciufredda; 1980). Maddox held that tonic 
convergence was responsible for bringing the eyes £rom some 
indeterminable divergent position o£ anatomical rest to a position 
of physiological rest. He observed that the eyes of refractively 
corrected, alert subjects did not usually diverge when viewing a 
distant object with one eye occluded but rather maintained a 
parallel or slightly convergent posture. He concluded that this 
was the result o£ tonic convergence due to both muscular tone and 
the involuntary action of convergent innervation. 
Maddox considered that the muscle tone aspect o£ tonic 
convergence was simply the tonus exhibited by living, 
physiologically active, striated muscle whereas the involuntary 
action aspect he described as a "persistent activity o£ the 
converging innervation" related to the midbrain control o£ the 
vergence mechanism. This persistent activity was believed to be 
a£fected by conditions such as £atigue, or external agents such as 
drugs. He claimed that excessive tonic convergence produced 
latent overconvergence <esophoria>, whereas deficient tonic 
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convergence produced latent underconvergence <exophoria>. Maddox 
noted that viewing through plus lenses £or a £ew hours reduced his 
latent divergence £or near targets, a change that could also be 
attributed to increased tonic convergence. This might suggest 
that changes o£ tonic convergence could £acilitate adaptation to 
new spectacles and be an important consequence o£ visual training. 
Only two aspects o£ Maddox's vergence model have been 
questioned in recent years. The £irst concerns the proposal that 
convergence is an active process while divergence results £rom 
passive elastic £orces which pull the eyes towards the anatomical 
resting position. Many electromyographical studies have 
demonstrated that the lateral rectus muscles are active during 
divergence and steady £ixation <Bjork, 1952; Adler, 1945; Miller, 
1959; and Breinin, Moldaver, 1955>. Vergence eye movements are 
accomplished through the interaction o£ convergence and divergence 
activity <Duke-Elder, Wybar, 1973). Tonic vergence can be 
conceptualized as a state o£ equilibrium between resting levels o£ 
opposing divergence and convergence mechanisms. The second aspect 
in question concerns the physiological resting position. Maddox 
maintained that the eyes would assume a parallel or slightly 
convergent posture when at rest. There is much documented 
evidence that there is a tendency toward a more convergent resting 
position under: 
ethanol <Hogan, 
1977>; 
a> conditions o£ oculomotor stress induced by 
Gilmartin, 1985; Hogan, Lin£ield, 1983); marijuana 
barbiturates CWestheimer, 1963>; nitrous oxide <Adams, 
<Amos, 1976}; £atigue, illness, or emotional arousal <Duke-Elder, 
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Wybar, 1973>; and anoxia (Adler, 1945>, and/or b> conditions o£ 
reduced visual stimulation evident in low illumination <Ivana££, 
Bourdy, 1954> and total darkness (Fincham, 1962; Owens, Leibowitz, 
1983; Schor, Ciu££reda, 1983; Hogan, Gilmartin, 1984>. 
Also, a£ interest to this study, Leibowitz and Owens <1978) 
examined 220 college students with a laser optometer in the 
absence a£ visual stimuli and £ound that the human accommodative 
system also rests around 67 em <1.52 diopters <D>, with a standard 
deviation a£ .77 D>. This phenomenon has been observed under 
various conditions which have provided such descriptive titles as: 
night myopia, empty-£ield myopia, dark £ocus, instrument myopia, 
and small pupil myopia. Leibowitz and Owens <1975) have 
demonstrated a relationship among these "anomalous myopias". The 
present author will, like Hogan and Gilmartin <1985>, use the 
terms "tonic accommodation" and "tonic vergence" to indicate the 
phenomenon of an intermediate posturing of the respective 
accommodative and vergence systems. 
Tonic vergence results £rom continuous tonic innervation a£ 
the oculorotary muscles that is apparently independent a£ 
visual stimulation, accommodation, and voluntary concurrent 
influences. It is the base-line activity level of the ocular 
vergence system and, 
vergence responses. 
therefore, the starting point for normal 
Evidence indicates <Schor, Ciuf£reda, 1983> 
that dif£erences in horizontal heterophoria, £ixation disparity, 
and distance perception are related to individual differences in 
this tonic vergence. Therefore, the tonic vergence may help 1> in 
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estimating distances by acting as a reference for the effort of 
fusional vergence~ and 2> in alleviating unusual demands on 
fusional <disparity> vergence by modifying the resting vergence of 
the eye. Anomalies in the tonic vergence calibration may be 
involved in disorders such as concomitant strabismus and anomalous 
retinal correspondence. Tonic vergence causes the eyes to 
typically assume a convergent posture, whereas the resting 
position in deep anesthesia or death is approximately 25 degrees 
divergent <Toates, 1974>. 
Five methods £or determining the tonic position o£ rest <TPR> 
have shown substantial differences among individuals. The 
earliest quantitative study o£ vergence in low illumination was 
conducted by Ivano££ and Bourdy <1954>. They used an alignment 
technique to measure vergence responses £or a large letter "M" 
presented in the lower peripheral field at a wide range of 
luminances. With decreasing illumination~ eight o£ their nine 
subjects exhibited progressively increasing convergent fixation 
disparity £or a distant stimulus and simultaneously increasing 
divergent fixation disparity £or a near stimulus. 
TPR value was 56 em (about 11 prism diopters <PD>>. 
The average 
In a later study, Fincham (1962> used infrared photography to 
measure tonic vergence and accommodation o£ ten subjects 
attempting to "look into distance" in darkness. He found that 
vergence in darkness 
accommodation (0.7 D>. 
(.52 meter angles) was not correlated with 
Levy <1969, 1972> used a perimeter to present two, temporally 
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separated, briefly £lashed monocular stimuli at various positions 
along the principal meridians in an otherwise dark room. On each 
trial, the subject saw one point o£ light appear £or one second, 
£allowed by three seconds o£ darkness. The point o£ light then 
reappeared £or one second. The subject's task was to report the 
position o£ the second stimulus as compared with that o£ the 
first. Because the two successive stimuli were always presented 
at the same point in space, any di££erence in their apparent 
position could be attributed to a change in eye position during 
the dark interval. Levy reasoned that the eye would passively 
drift toward its resting position when the first light point was 
extinguished. As a consequence, the second light point would 
appear to be displaced relative to the first in a direction 
opposite to the eye's dri£t. The results showed large individual 
di££erences with an average TPR o£ 15.4 PD. 
Owens and Leibowitz (1980> measured 60 college students with 
a nonius alignment technique under conditions designed to minimize 
stimuli to binocular fusion and accommodation. A laser was used 
to produce speckle patterns shaped like vertical bars, one above 
the other, and viewed in a dark field. Over a series o£ 
presentations, these bars were £lashed at various horizontal 
separations £or 125 msec, shorter than the reaction time o£ either 
vergence or accommodation. The dark vergence position was defined 
according to the horizontal separation o£ the dichoptic bars when 
they appeared to be aligned vertically. Meanwhile, the dark focus 
o£ accommodation was measured with a laser optometer. The mean 
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TPR was 116 em (about 5 PD> from the subject and the mean tonic 
accommodation was 1.32 D. Owens and Leibowitz again found a low 
correlation <r=0.32> between tonic accommodation and convergence. 
Finally, Owens and Wol£ (reported by Van Horn, 1984) measured 
the effects on TPR caused by visual fatigue after near work on 
another 60 normal college students. They used a technique similar 
to conventional measures o£ phoria, except that the subject had no 
accommodative stimuli. This was accomplished by a Maddox rod test 
using a brief exposure to a bright, small stimulus at changing 
distances in a dark room. TPR was defined by the distance o£ the 
unique stimulus which caused the red Maddox rod streak and the 
bright light to appear aligned. 
PURPOSE OF PRESENT STUDY: 
The purpose of the present study is to assess three, possibly 
clinically feasible, methods for determining TPR and one new 
method £or determining tonic accommodation. Only one of these 
methods, which is a modification o£ Owens and Wolf's (reported by 
Van Horn, 1984>, is not original. Most notably, this author used 
the autokinetic movement illusion as one technique to measure TPR. 
Since AKM has never been o£ serious optometric interest, it 
deserves further introduction. 
!~~--~!~~!~~~~~--~! __ ~!~~~!_§~!~~~~~ <Schapero, Cline, Hofstetter, 
1974> states: 
"Autokinetic movement is the apparent movement of a 
physically stationary object of fixation, as occurs in 
steadily fixating a single, stationary spot of light in 
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a dark surround. It is considered to be due to 
spontaneous and involuntary small eye movements. " 
It is known that the eyes are constantly undergoing involuntary 
fixation movements. These movements of the eye during steady 
fixation of a target include: 1 ) a high - frequency tremor of 
amplitude less than 0.5 min of arc and frequencies up to 150 
Hz, 2> rapid corrective saccades of up to 5 min of arc that 
occur at irregular intervals, and 3> slow motion drifts at a rate 
of about one min of arc per second during the intersaccade period 
<Moses, 1970>. The high-frequency, random tremors probably 
represent simply the frequency of vibration of the oculorotary 
muscles, 
of AKM. 
due to neural noise, and are of no concern to the study 
Key to the issue of AKM is that the cortex does not 
appear to monitor, nor is it aware of, neuromuscular activity 
during the slow drifts, but does monitor the corrective 
microsaccades, which restore foveal fixation and prevent retinal 
fading. 
<Moses, 
There is saccadic suppression during the microsaccade 
1970). Consequently, there is neither the impression of 
blur nor the impression of a correcting movement of the external 
scene while the saccade occurs. Beeler <1967> showed that the 
brightness threshold rises by a factor of three, 60 ms before an 
involuntary microsaccade. This high threshold continues until 75 
ms after the saccade is completed. Most authors have agreed that 
saccadic suppression probably has a central nervous origin <Moses, 
1970>. 
If there is a single, stable TPR then the eye should, in a 
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completely dark environment, dri£t <cortically unmonitored--the 
subject does not sense the ocular dri£t> toward this position <see 
Appendix A). The visual system corrects £or the dri£t with a 
cortically monitored saccade. During this saccade to reestablish 
£ixation, saccadic inhibition, or blanking, occurs. Consequently, 
the subject perceives the dri£t as "real" stimulus movement while 
never sensing the cortical e££orts, which occur every 125 ms, 
which are employed to re£ixate the stimulus. The perceived result 
is a stimulus which appears to move AWAY £rom the direction in 
which the eye has physically dri£ted; the light appears to move 
away £rom the TPR. This "apparent" movement may result in the AKM 
illusion. 
position 
Levy <1972) stated there was a correlation between the 
where the directions o£ all perceived AKM's were 
equiprobable and the "physiological position o£ rest" which he 
de£ined as "that position toward which the eye dri£ts when the 
subject attempts to maintain £ixation in the dark". Indeed, Levy 
<1972> attempted to employ AKM as a research tool to locate the 
TPR but without success. His experimental design required 
approximately 32 lengthy exposures to stimuli generated by a 
perimeter £or each eye. His subjects were required to undergo 
this session with their heads £irmly £ixed. He adjusted the 
stimulus in crude, 5 degree steps, as permitted by the perimeter, 
until he bracketed the "position o£ random AKM". He admitted that 
to use AKM in this way was " ... ine££icient, in£1exible, and 
insensitive". Since Levy's study, AKM has been totally ignored by 
optometry. Many psychologists have attempted to use AKM as a 
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research tool without much concern £or the host o£ variables 
with eye movements and visual controls. In associated 
particular, there has been an absence o£ control of artifacts 
and concern with e££ects o£ tonic forces, both from accommodation 
and vergence, on apparent eye movements <Appendix B>. It is no 
wonder that AKM seems to be a mystical phenomenon. Yet, this 
researcher £ound that, with appropriate procedures, AKM can aid in 
the study of TPR as well as potentially probe several relevant 
optometric questions. 
POTENTIAL IMPORTANCE OF TPR: 
Schor and Ciu££reda <1983) state that the TPR is alterable 
with visual training and that "the adaptability of tonic vergence 
may be a common £actor in such diverse phenomena as perceptual 
adaptation, orthophorization [the process of producing a greater 
than chance occurrence o£ orthophoriasJ, and concomitant 
strabismus". Therefore, could improved stabilization o£ the TPR 
be a measure of the effectiveness of visual training? Could AKM 
patterns reveal the type of visual training <VT> needed: whether 
to a> improve the stability or b) move the location o£ the 
patient's current TPR. 
Could AKM and the TPR be objective indicators of ocular 
stability and subsequently a measure o£ visual fatigue or stress? 
Could commercial pilots be tested £or fatigue by comparing their 
AKM response to an individual "alert" baseline which they have 
already established? Though there has been much discussion as to 
the effect of empty field myopia and contrast sensitivity on 
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flying, what is the impact of the tonic (con)vergence posture of 
pilots in their visually deprived situation? Could flight 
performance be improved by modifying pilots' TPR so that, instead 
of being typically set toward a very near distance <about one 
meter>, their empty field vergence was retrained toward infinity? 
This study was designed to assess three new methods for 
determining TPR which are clinically feasible and which may, in 
turn, help to advance TPR studies as a potentially useful 
diagnostic tool. 
EXPERIMENTAL DESIGN: 
SUBJECTS: 
Twenty males and eighteen females, ages ranging from 18 
to 40 
study. 
<mean age 23.6; SD=4.3>, provided data for the present 
A complete eye examination was initially carried out on 
each subject. All subjects had stereo fusion, were free from 
significant visual anomalies and/or pathologies, and were either 
emmetropic or had spectacle or contact lens corrections which 
provided a minimum of 6/6 (20/20). Full distance corrections were 
worn during all testing. Rigid contact lens wearers were not 
included in this study since lens recentering after a blink could 
elicit a visual effect which could be confused with <AKM>. 
METHODS AND MATERIALS: 
S, with eyes covered, was escorted into a room and dis-
oriented by rotating in place several times. 5 was then 
comfortably seated, without a head rest, two meters from a flat 
surface which was parallel to the plain of the body. A red 
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"head" light, which projected a lmm spot at 2 meters directly in 
£rent o£ S, was strapped to the head. This light was employed to 
monitor head position. A green lena was initially placed be£ore 
S'a right eye while the left eye was occluded. <A green spot was 
chosen because the dark-adapted retina is more sensitive to that 
color and would serve as a better stimulus for fixation. > The 
room was then absolutely darkened, S was allowed to open the eyes, 
and for the subsequent £ive minutes the vergence system was 
permitted to relax. 
After the five minute rest period, S was told to position 
the head so as to be £acing "straight ahead" and asked not to 
rotate the body in the examination chair. Perceived straight 
ahead was determined by the projection of the head light. The 
head light was tagged by superimposing a second, stand mounted, 
immovable red "re£erence" light which also projected a lmm spot at 
2 meters. At this point, S was incapable of seeing any light, 
because of wearing a green filter, while the examiner was able to 
monitor changes in head orientation by simply comparing the 
projection of the red head light to the unchanging location o£ 
the red reference light. 
METHOD #1: AUTOKINETIC TECHNIQUE 
This technique employed the hypothesis of Levy <1972>, namely 
that the autokinetic movement <AKM> illusion should be most stable 
i£ the direction of the stimulus happens to coincide with the TPR. 
However, 
allowing 
rather than using 
binocular gaze, and 
Levy's method of fixing the head, 
adjusting the stimuli until AKM 
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subjectively appears to reach equilibrium <stimulus yielding the 
most random AKM>; this researcher £ixed the stimulus, which also 
£ixed gaze, and then, under monocular conditions, monitored the 
head movement necessary to cause AKM to appear most stable. 
To accomplish this, a third "white" light, which projected a 
lmm spot at 2 meters, was placed at the same position as the red 
re£erence spot. This white light appeared as a green spot to S. 
It was the only light S could see. S was asked to track the <AKM> 
movement o£ the green spot with a corresponding head movement and 
not with the eye. As £urther clari£ication, S was also asked to 
move the head such that the green spot remained directly in £rant 
o£ the eye and to "point the nose at the light". I£ the eye, 
£or example, would physically move towards a £inal posture down 
and to the right, the green spot would appear to move <AKM> up and 
to the le£t. S would correct £or this AKM with a head movement o£ 
equal, but opposite, magnitude and direction. 
had no di££iculty appreciating AKM or 
Surprisingly, Ss 
£allowing these 
instructions. Ss repeatedly reported that the task was, in £act, 
simple and easy to per£orm. Readings o£ the correcting head 
movement were marked on the target plane a£ter £our, £ive, 
and six minutes into the test and later averaged to obtain the TPR 
associated with the right eye £ixation. [It was £ound that about 
£our minutes were required £or most Ss to make the appropriate 
head correction needed to locate the TPR. J AKM associated with 
£ixation by the le£t eye was then measured by interchanging the 
green lens and the occluder. The red re£erence and the white 
page 12 
stimulus lights were not moved during this test. 
The resultant information was a measure of the head 
orientation required to (apparently) stabilize the immovable 
stimulus. Assuming the correcting head movements resulted from 
an equal, but opposite, eye orientation, a calculation of TPR from 
the obtained data was possible <Appendix C>. 
METHOD #2: OCULOCENTRIC TECHNIQUE 
S was asked to look "straight ahead" while the head was 
maintained in the original "straight ahead" position. A small 
light source was monocularly presented for sufficiently short 
durations to preclude both vergence and accommodative responses. 
Based on a series of subjective reports, the stimulus was adjusted 
until it corresponded with 5's fovea. This perceived "straight 
ahead" defined eye direction under conditions of rest. 
Specifically, while still in absolute darkness, a green lens 
was placed before 5's right eye and the left eye was occluded. 
The examiner physically readjusted S's head position back to the 
original perceived straight ahead and gently held it there. This 
was accomplished by adjusting head position such that the red 
head light once again overlayed the red reference spot <which was 
never moved). Again, 5 could see neither the red head light nor 
the red reference light. 5 was asked to "look straight ahead" and 
to report what physical corrections (left, right, up, and/or down) 
were required of a stimulus such that the stimulus would appear 
directly in front of the eye. The examiner, while continuing to 
gently hold 5's head in the original postion, presented for 
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0.5 sec a lmm spot o£ white light <seen as green by S> at 2 meters 
<S had no distance clues). A£ter receiving a verbal report £rom 
s, the stimulus was adjusted as S requested. A£ter about 20 
seconds, a subsequent trial was given. This procedure was 
continued until S reported that the briefly exposed light was 
directly in £rant o£ the eye. S's response was then marked on the 
recording sur£ace. A total o£ three trials were conducted £or the 
right eye and averaged. 
The green lens and occluder were switched and the same 
procedure was conducted £or the left eye. At this point in the 
test, S had been in a completely darkened room £or about twenty 
minutes. Again, no subject had difficulty following these 
instructions or being very specific about necessary adjustments in 
the necessary stimulus correction. The TPR of each eye was 
determined by sequentially adjusting the stimulus until it 
£ell on the foveal line o£ the stable eye. The resultant ocular 
directions could then be back-calculated as before <Appendix C> to 
determine TPR. 
METHOD #3: FLASH TECHNIQUE 
The third method £or determining the TPR took advantage o£ 
a£terimages induced by a stroboscopic £lash o£ light. While still 
in absolute darkness (with even the red tag and the red re£erence 
lights extinguished), a red lens was positioned be£ore S's right 
eye and a green lens before S's le£t eye. S was instructed to 
pretend to look far away as though at the horizon. A stroboscopic 
light, lmm wide and 40mm high, was £lashed toward S's eyes at an 
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initial distance o£ 150 em. 5 reported whether the red or green 
a£terimage appeared on the right. Based on S's report~ the 
stroboscopic light was moved toward or away £rom S. A£ter about 
20 seconds, 5 was again asked to "look" to the horizon and another 
stroboscopic trial was given. The £inal stroboscopic distance at 
which the red and green a£terimages appeared superimposed was 
determined by bracketing S's responses. Three determinations a£ 
the TPR were made using this method and the results were averaged. 
METHOD #4: CILIOMETER TECHNIQUE 
A ciliometer was used to determine the accommodative rest 
£ocus. [A ciliometer, which attaches to a phoropter, is a 
£orm o£ Badel optometer allowing one to adjust the accommodative 
demand without changing the target size]. With one eye £ixating 
an empty white £ield, 5 would rapidly <in less than one second> 
adjust the ciliometer £rom blur-out to £irst visible 20/20. 
5 began the test £acing an empty~ illuminated £ield. I£ 5 wore 
glasses, they were removed and the prescription was entered into 
the phoropter. One eye was then exposed to a blurred 20/20 row o£ 
letters (accommodative stimulus beyond optical in£inity> and 5 
made a rapid adjustment in the accommodative demand~ by adjusting 
the ciliometer, until £irst capable o£ reading the 20/20 acuity 
line. This was a measure o£ tonic accommodation. Three trials 
were conducted £or each eye and results were averaged. Because 
the ciliometer adjusting knob was round and the starting position 
o£ the Snellen chart was randomly varied, kinesthetic clues were 
precluded. 
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RESULTS: 
OS AKM 
I 
I 
I 
I 
00 AKM 
______________ I _____________ _ 
00 OCULO 
I 
I 
I 
I 
OS OCULO 
AKM measures the head movement 
required to track and stabilize 
the autokinetic movement illusion 
located at the re£erence point. 
OCULO measures subjective 
straight ahead relative to the 
body re£erence position. 
The stimulus is moved until it 
corresponds with the £ovea. 
The TPR found in this study demonstrated an intermediate 
posturing of the vergence and accommodative systems with large 
intersubject variations. This is reflected in the large standard 
deviations shown below. Earlier studies of TPR <Levy, 1969, 1972; 
Leibowitz, Owens, 1978) demonstrated a similar population spread. 
[The spread itself may prove valuable as a more discriminating 
indicator of the fusion free posture and abnormal ocular motor 
stresses than the currently used distance <S0=1.7 PO> and/or near 
<S0=2.4 PO> <Haynes, 1985) phorias. l 
Oculocentric <n=38) 
AKM <n=38> 
FLASH <n=38> 
Ciliometer: 
00 
OS 
au 
mean 
.65 
. 71 
. 66 
mean TPR SO median 
-------------------------+3.60 PO 8.5 4.1 
+2.66 PO 10.5 2.7 
+6.47 PO 3.5 3.5 
so 
0 . 45 
0 . 46 
0 . 44 median=. 54 
OCULO AKM FLASH 
Minimum Value 
Maximum Value 
A correlation 
-14.0 PO 
16.8 PO 
analysis was 
-16.2 PO 0.0 PO 
28.5 PO 15.4 PD 
conducted to determine the 
association between measures of TPR, in prism diopters, which 
included the autokinetic movement method <AKM>, the oculocentric 
method < OCULO), and the flash method <FLASH>. The vergence 
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measures and tonic accommodation, as determined by the ciliometer 
<CILIO>, was also entered into the correlation anaylsis. 
CILIO EbA~!! A!H:! 
-----
OCULO r=.06 r=.14 r=.79 
-----
r"2=.004 r"2=.02 r"2•.62 
AKM r=.09 r=.21 
r"2=.01 r"2=.04 
FLASH 
The above analysis demonstrates a signi£icant correlation 
<r"2=.62> between the oculocentric and the AKM techniques £or 
determining TPR. All other correlations are insigni£icant. In 
£act, the correlation between TPR £ound by the oculocentric 
technique and the AKM technique remains signi£icant at the .001 
level even when the data is isolated into its components 
<x=horizontal, y=vertical, OD=right eye, OS=le£t eye>. 
When all x's and y's 
are compared <n=76) 
When only x's are 
compared <n=38> 
When only y's are 
compared <n=38) 
When only DO's are 
compared <n=38) 
When only OS's are 
compared <n=38> 
r 
. 68 
• 65 
• 52 
• 63 
. 74 
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r"2 
. 46 
. 41 
. 27 
. 40 
• 54 
Cross tabulations and graphs ox the three TPR methods 
also demonstrated the correlation between oculocentric and the AKM 
data. <The other cross tabulations are located in Appendix D.> 
... _ · - · ---- ·-····-- ·-·---------- - ... 
OW.O by MD 
~¥.'TO 15 - 19 - 23 - 27 -
-5 - -1 - 3 - 7 - l1 -oru.o -17 - -13 - -9 - 18.99 1~.99 18.99 ~.99 2fl.99 30.99 TO Til. 
-13.81 -9.il1 -s.et -1.01 2.99 £.99 
-H- 2 
-ll.01 1 
-Lt - 3 
-8.01 2 
-8 - 2 
-S.il1 I! 
-5 -
-2.~1 1 1 
-2 - 5 
.99 3 
1 - 1 5 
3.99 ~ 
-\ - 1 1 1 6.99 
7 - 2 1 5 9.99 
18 - 1 1 1 ~ 12.99 
13 - 2 5 
15.99 
1fl -
18.99 
38 
5 7 5 5 -\ 3 TO Til. 3 1 
The graphs, page 19, demonstrate the correlation, by subject 
and method, between the autokinetic and oculocentric techniques 
for determining TPR. The flash technique appears to function 
independently. 
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A regression analysis ox the data demonstrates a slope that 
is signixicantly dixxerent .from zero only when the oculocentric 
and autokinetic techniques are compared. 
~~Yb~=X AKM=Y 
Y=-.85+.98<X> Signi£icance o£ slope: t=7.67 p < 10A(-6) 
OCULO=X FLASH=Y 
Y=6.27+.05<X> Significance ox slope: t=0.82 p=.42 
OCULO=X CILIO=Y 
Y=.67-.003<X> Significance of slope: t=0.32 p=.74 
AKM=X CILIO=Y 
Y=.67-.004<X> Significance of slope: t=0.56 p=.57 
AKM=X FLASH=Y 
Y=6.29+.07<X> Significance of slope: t=l.30 p=.21 
FLASH=X CILIO=Y 
Y=.92+.02<X> Significance ox slope: t=0.92 p =.36 
Because three trials were made for each eye on each subject 
for both the AKM and the oculocentric methods, a range o£ the 
individual data reflects the degree o£ precision of an S's 
response. It was .found, under absolutely dark conditions, 
that Sa were consistent within 2 PD <1 degree} when making 
subjective vergence responses using these two methods. CThe only 
exception was horizontal xindings for AKM determined by the le.ft 
eye <3. 7 PD>. l The .following represents the spread o£ all data 
for each of the four techniques <n=ll4>. 
AKM Technique 
OS AKM 
mean horizontal spread 3.70 PD SD=l. 86 PD 
mean vertical spread 1. 37 PD SD= 1. 97 PD 
OD AKM 
mean horizontal spread 1. 17 PD SD=l. 72 PD 
mean vertical spread 1. 30 PD SD= 1. 93 PD 
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Oculocentric Technique 
OS Oculocentric 
mean horizontal spread 
mean vertical spread 
OD Oculocentric 
mean horizontal spread 
mean vertical spread 
Flash technique 
mean spread 
Ciliometer 
OD Ciliometer 
mean spread 
OS Ciliometer 
mean spread 
DISCUSSION AND CONCLUSION: 
1. 06 PD 
0.91 PD 
1. 05 PD 
1. 17 PD 
2.92 PD 
. 09 D 
. 22 D 
THE AKM AND OCULOCENTRIC TECHNIQUES: 
SD=l. 42 PD 
SD=l. 20 PD 
SD= 1. 46 PD 
SD=l. 60 PD 
SD=6.13 PD 
SD=.18 D 
SD=.ll D 
There was a highly significant correlation between TPR found 
by the oculocentric and the AKM techniques <r=.79; significant 
above the .001 level). None of the other correlations of measures 
was significant. Also, when Sa were retested within fifteen 
minutes, their TPR responses to these two tests were generally 
within 2 PD of their first responses. This implies that a> the 
two techniques are reliable and b> that AKM is clearly related to 
physical ocular vergence. 
Though the examiner did not quantify the speed and confidence 
of S's responses, it was apparent that S had an unmistakable sense 
of when the stimulus was directly before the eye. Consequently, 
the oculocentric findings could be taken in less than two minutes 
with S making firm responses to changes in stimulus position. 
Similarly, during the AKM testing, 5 demonstrated no confusion in 
making the head adjustments needed to place the stimulus directly 
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before the eye. This observed clarity of response, combined with 
the high correlation between the two tests add validity to the 
techniques. Neither of these methods caused observed mental or 
visual fatigue nor did any subjects report experiencing the 
anxiety which plagued the subjects of previous investigators 
<Levy, 1972). 
THE FLASH TECHNIQUE: 
The flash technique was difficult for S to respond to. After 
allowing over thirty minutes of absolutely dark conditions in 
order that the TPR could be attained, it was shocking both 
visually and emotionally to S to be confronted with a stroboscopic 
flash. Morgan and Olmstead (1939) demonstrated that when a human 
is subjected to a sudden startling stimulus <noise or electric 
shock>, the ocular refractive state changes toward hyperopia. 
Roth (1966) 
110 db noise. 
confirmed this effect by exposing S to an unexpected 
This researcher found that S tended to make greater 
and greater convergent responses until the stimulus was placed at 
about arm's length (92 em) even when specifically instructed to 
look to the horizon. Since this technique introduced the 
variables of proximal vergence and some degree of anxiety, the 
examiner was required to make significant subjective evaluations 
when bracketing S's responses. This test did show that there is a 
convergent posturing of the vergence system at about arm's length 
under the above conditions. This vergence response may be 
instinctive. After all, why should a human being posture vergence 
at infinity or beyond <as with expected distance phoria> when the 
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only immediate concern for "survival" is usually that which occurs 
within arm's length? 
THE CILIOMETER TECHNIQUE: 
The ciliometer findings for tonic accommodation revealed 
little correlation with the three TPR tests which continues 
to reaffirm that, in the absence o£ visual stimulation, there is 
little correlation between accommodation and convergence. The 
ciliometer proved to be a crude instrument for testing tonic 
accommodation since it required too many subjective acuity 
decisions to be made during the hal£ second exposure to the 
Snellen chart. 
narrow partly 
The spread o£ S's responses (average=.12 D> was 
because the ciliometer scale offered a low 
resolution (+/-0.25 0). Furthermore, the test technique introduced 
anxiety and the phoropter probably caused some unwanted instrument 
myopia even though an empty field was theoretically generated. 
The mean tonic accommodation revealed by this technique was .68 
D as compared with Owens and Leibowitz (reported to Witzleben, 
1984) who found, using a laser optometer, a tonic accommodation o£ 
1.51 D. 
AKM REVIEWED: 
Levy (1969, 1972> became frustrated when he attempted to used 
AKM as a tool to measure TPR. His perimeter only allowed him to 
make minimum changes o£ 5 degrees in the stimulus presentation and 
the perimeter itself introduced proximal vergence. His design was 
fatiguing both to examiner and to S. Nevertheless, his thoughts 
on AKM were sound. However, the stimulus which Levy isolated 
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which caused the greatest random AKM <due to a state o:f 
------
equilibrium> was the same stimulus that caused the least AKM 
!!!~9~!!:~~~ <S's head was adjusted to locate the point o:f 
equilibrium). S's visual :feedback to the neck using a steady 
stimulus was much :faster, accurate, and less :fatiguing than a 
verbal :feedback (a:fter Levy> to an examiner who was then required 
to physically change the stimulus position in an attempt to 
ultimately bracket a stimulus which would cause the greatest 
random AKM. On the other hand, the AKM method presented in this 
study :for determining the TPR is both :fast and not :fatiguing. 
AKM is apparently generated by an ocular transition to the 
resting vergence posture and was shown to be predictable based 
upon its correlation with the oculocentric test :for TPR. For 
example, i:f the TPR were located using the oculocentric method and 
then a stimulus placed 15 degrees superior to this position, one 
could predict the resultant AKM illusion. I:f S's head were :fixed 
straight ahead, the stationary stimulus would initially appear to 
move toward the TPR :for approximately 15 seconds. This is 
possibly a result o:f vergence overcompensation [an a:ftere:f:fect 
:from the e:f:fort required to overcome the bias toward the TPRJ to 
reach and maintain :fixation. A:fter the initial 15 second 
response, S would see the stimulus slowly reverse direction and 
move, with increasing speed, away :from the TPR. This occurs as 
the eye muscles relax and the eye dri:fts toward the vergence 
position <the stimulus there:fore appears to move away :from the 
vergence position). The stimulus disappears as :fixation is 
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regained (saccadic inhibition) so the movement away £rom the TPR 
(toward the stimulus) is never appreciated by S. Consequently, 
the stimulus will generally appear to move away £rom the TPR. I£ 
the head is allowed to track the apparent movement, the head will 
there£ore move AWAY £rom the TPR and drag the eye with it. This 
action will quickly narrow the gap between the direction o£ the 
stimulus and the TPR. Thus, S is able to stabilize the AKM 
illusion by orienting the eye, which is in a stable TPR within the 
head, on the stimulus. 
FURTHER INVESTIGATION: 
More investigation employing the oculocentric and AKM methods 
will be needed to answer questions concerning the use of TPR as a 
measure o£ £atigue, as an indicator o£ progress in visual training 
regimens, and as a £actor in the importance of empty £ield 
convergence to aircra£t pilots. The apparatus and space required 
£or this study were very minimal and would allow any practitioner 
to per£orm £urther TPR studies. 
particularly straight£orward. 
The oculocentric technique was 
Questions which may be answerable using the above methods 
include: 
1. How does the TPR posture vary over time? 
2. What happens to the TPR and AKM with mental, visual, and 
physical £atigue? 
3. Do "good" pilots have a TPR which approaches in£inity? 
4. What patterns in TPR are caused by abnormal visual 
systems? How are these patterns changed with dif£erent forms of 
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visual training? 
5. Could TPR be a result of hysteresis, or could hysteresis 
be a product of TPR? It was noted that the few signi£icant 
esophoric subjects demonstrated a Q~~~£9~~i TPR while the few 
significant exophoric subjects demonstrated a ~9~Y~~9~~~ TPR. 
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APPENDIX A 
BASIC EYE MOVEMENT THEORIES 
THEORIES OF AUTOKINETIC MOVEMENT: 
"Fixation nystagmus has two major components: a fast and 
a slow phase which go in roughly opposite directions. The 
fast movements <microsaccades> regain foveal fixation after 
it is lost during the slow drift. 
to take account o£ eye movements, 
I£ there was no mechanism 
both these phases would be 
equally undetected, their opposite directions would have opposite 
e££ects that would cancel each other, and no apparent movement 
would occur. To explain why, in AKM, the light seems to move away 
£rom the physiological position of rest, it need only be assumed 
that the slower drifts, toward the physiological position o£ rest, 
are not as well detected as the microsaccades. Thus the retinal 
displacements causing the AKM result £rom the less detectable 
drifts." <Levy, 1972> 
The phylogenetically older fixation system responds primarily 
to vestibular and visual stimulation, is largely subcortical, 
and serves to reflexively maintain fixation on a stationary 
environment during self-motion. The second, phylogenetically 
younger, system responds to foveal stimulation, requires cortical 
visual processing, and serves to PURSUE moving detail. Within 
the framework of these two systems, autokinesis results from 
the failure of a small, single stimulus to stimulate the older 
reflexive fixational system adequately. Therefore, fixation 
instability results in AKM either by 1) stimulation of motion 
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detectors during the subsequent unstable £ixation <a£ferent 
model> or 2) increasing the contribution o£ the pursuit system 
to the maintenance o£ £ixation (e££erent model>, (Post, Leibowitz, 
1982; Leibowitz, Schupert, Dichgans, 1983). 
AFFERENT MODEL: an uncompensated dri£t occurs toward the 
TPR which results in the stimulus appearing to move away from 
the TPR. This movement stimulates motion detectors on the 
retina which results in a negative £eedback, compensated, 
The movement correcting microsaccade in order to regain fixation. 
caused by the microsaccade is not appreciated because o£ saccadic 
inhibition. There£ ore, movement o£ the stimulus appears to be 
away £rom the TPR. 
EFFERENT MODEL: under impoverished viewing conditions 
the fixational system is more unstable and there is a tendency 
to lose fixation, which must be opposed i£ adequate fixation 
is to be maintained. Under these conditions, the pursuit-eye-
movement system is activated to maintain fixation, which results 
in the perception of motion in a manner to the movement sensation 
resulting from any other pursuit eye movement. 
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EYE MOVEMENT CHARACTERI~TICS: <Dell'Osso and Daroii, 1974> 
TYPE STIMULUS LATENCY __ N ______ N ___________________________________________________ ; 
Fast eye movements <FEM> 
<saccades) 
Slow eye movements <SEM> 
Pursuit 
Vestibule-ocular 
Vergence 
Corrective saccade 
Hicrosaccade 
Hicrodri:ft 
Tremor 
TYPE 
Volition, reilex 
Target motion 
Head movement 
Accommodative, 
:fusional 
Position error 
Fixation 
Fixation 
200 msec 
125 msec 
<100 msec 
160 msec 
125 msec 
VELOCITY AMPLITUDE CONJUGACY CONTROL SYSTEM 
~N~~~~~~--~~~~~~N~~~~~~~'---------~---~-~----------~-----------N------------~------
Fast. eye movements <FEM> 30-70 deg/sec 0.5-90.0 deg Conjugate Sampled: 
<saccadea) 
Slow eye movements <SEM> 
Pursuit. <50 deg/sec 0.5-90.0 deg Conjugate Continuous 
Vestibule-ocular <400 deg/sec 0.5-90.0 deg Conjugate Continuous 
Vergence <20 deg/sec Age dependent Disjugat.e Continuous 
Corrective . saccade <150 deg/sec <4 deg Conjugate Re:fractory 
Microsaccade 3-12 deg/sec 1-25 min Conjugate Re:fract.ory 
Microdrif't <30 min/sec <1 deg Disjugate 
Tremor 50-100 Hz 5-30 sec Disjugat.e Oscillatory 
EXPLANATION OF BASIC CLOSED-LOOP DIAGRAM 
(see Figure-1 page 32) 
A. Fast eye movement <FEM> mode of the version subsystem: 
The control signal, conjugate retinal error, is sent to 
the cortex and the decision to reposition the eyes is forwarded 
to the pontine paramedian reticular formation <PRF> where the 
motor commands are generated and passed on to the ocular motor 
nuclei <OMN>. This innervation causes the extraocular muscles 
<EOM> to move the eye with the fast eye movement <FEM> and change 
the relative eye position. Assuming no change in head position, 
the relative position constitutes the absolute eye position which 
summates with target position at the retina to produce zero 
retinal error. 
B. Slow eye movement <SEM> mode of the version subsystem: 
The pursuit control signal, conjugate retinal error velocity, 
is sent to the cortex and the decision to move the eyes is 
forwarded to the pontine paramedian reticular formation <PPRF>, 
where the motor commands are generated, and passed on to the 
ocular motor nuclei <OMN). This innervation causes the extra-
ocular muscles <EOM> to move the eye with a slow eye movement 
<SEM> and change relative eye velocity. Assuming no change 
in head position, this new absolute eye velocity summates with 
target velocity at the retina to produce zero retinal error 
velocity. 
C. Vestibula-ocular mechanism: 
The input is head acceleration which is converted by the 
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semicircular canals to a neural signal proportional to head 
velocity and sent to the pontine paramedian reticular £ormation 
<PPRF> via the vestibular nuclei. Here the motor commands 
are generated and passed on to the ocular motor nuclei <OMN>. 
This innervation causes the extraocular muscles <EOM> to move 
the eyes with slow eye movement <SEM> in an attempt to match 
head velocity with the FEM i£ eye position requires change 
consequent to an internal centering mechanism. Absolute eye 
position is the sum o£ relative eye position and the now non-zero 
head position. 
D. Vergence subsystem: 
control signal, disconjugate retinal error <static The 
diplopia) and/or error velocity (changing diplopia>, is sensed 
by the cortex. The decision to move the eyes is £orwarded 
to a midbrain generator where the motor commands are generated 
and passed to the ocular motor nuclei COMN>. This innervation 
causes the extraocular muscles <EOM> to move the eyes with 
a vergence eye movement <VEM> and change relative eye position 
and/or velocity. Assuming no change in head position, this 
new absolute eye position and/or velocity sums with target 
position and/or velocity to produce zero disconjugate retinal 
error(s) <Dell'Osso, Dare££, 1974>. 
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FIGUI~E . 1 
BASIC CLOSED-LOOP BLOCK DIAGRAM 
--~--------~~--------~---------
<Dell'Oaao and Daro£f, 1974) 
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APPENDIX B 
VARIABLES ASSOCIATED WITH TESTING AKM 
A. PATIENT REPORTING: 
1. Tracing causes, and is a££ected by, body movements. 
2. Tracing style varies among subjects. 
3. Vertical changes are perceived as 123Y. larger than 
horizontal changes. 
4. If S are asked to report number of reversals, then S will 
have difficulty explaining slow, 
which is less than 180 degrees. 
arcing patterns or a change 
5. If S are asked to report only final distance traveled 
during AKM, then S will have difficulty explaining a movement 
which does not appear linear. S could appreciate a great deal of 
movement and yet end the test with no net movement. 
6. Percived acceleration is hard to quantify. 
7. Final perceived stimuli location is hard to quantify. 
8. A naive 5 may report size, shape, color, or brightness 
changes and yet ignore AKM. 
9. Perceived movement will depend on perceived stimulus 
distance. [Drawing by S have been shown to be stable if S's 
scaling behavior is not changed by suggestion. J 
10. Paradoxical movement--some S report that a stimulus moves 
without "going anywhere". 
11. S have difficulty reporting a perceived movement out o£ 
the frontoparallel plane. 
B. MEASUREMENT VARIABLES: 
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1. Speed. 
2. Direction. 
3. Acceleration. 
4. Stops. 
5. reversals. 
c. TARGET VARIABLES: 
1. Position 
a. Direction of AKM is affected by postural factors 
<Whiteside, 1965>. 
b. Direction of AKM is affected by eye turn. 
c. S may be asked to fixate "straight ahead" and track 
the stimulus in peripheral vision or visually track the stimulus. 
2. Size: targets larger than 4 em at 20 feet decrease 
AKM because the image falls on less movement-sensitive periphery. 
3. Shape: may influence perceived direction of movement 
(arrows or cars tend to move in the direction they are pointing). 
D. HEAD MOVEMENTS: 
1. Correcting outflow to neck muscles can be confused 
with outflow to ocular muscles. 
2. Rapid head movements stimulate vestibular apparatus which 
affects eye movements. 
E. SUGGESTION: perceived AKM is affected by S's expectations. 
F. LATENCY BEFORE AKM IS APPRECIATED: 5-30 seconds but 
significantly influenced by S's knowledge of task. 
G. OCULAR MOVEMENTS: 
1. Large voluntary eye movements decrease AKM since 
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microseccades are lost in noise generated by extraocular muscles. 
2. AKM is more apparent to S who perform with greater 
fixation effort. 
3. Restricted eye movements decrease AKM; rigid contacts 
may thus decrease AKM. 
4. Moving frame <waterfall illusions) can change direction 
of regard end induce apparent movement of a centrally fixated 
spot. 
5. Aftereffect of an eye turn causes perceived movement in 
an opposite direction from the previous turn, due to a 
continuation of muscular activity. 
6. Blinking causes the eyes to turn upward and eyes may 
not immediately return to rest position after the blink. 
H. OTHER FACTORS AFFECTING AKM: 
1. Scratched lenses act as a frame of reference and thus 
may stabilize AKM. 
2. Middle ear problems may influence eye movements. 
3. Previous physical activity causes AKM to decrease 
due to neuromuscular noise. 
4. Drugs can influence AKM. 
a. Phenobarbital <CNS depressor) decreases vergence 
and pursuit movements and increases fixation nystagmus. These 
drugs increase AKM size and decease AKM latency. 
b. Amphetamines have the opposite effects in that 
they stabilize outflow so that subjects appreciate less AKM 
activity and increased AKM latency (more neuromuscular noise>. 
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APPENDIX C 
FORMULA DERIVATION 
OK 
A 
D 
____ j _____ _ 
A= distance from the S to recording surface 
B= S's interpupillary distance 
C= separation of the two determined oculocentric points 
D= TPR = <A•B)/(C+B) 
DERIVATION: 
C/DK = BID therefore DK = C•DIB 
OK = A-D therefore A-D = C•D/B 
A= <C•D/B) + D = D<<CJB> + 1) 
D = A/((C/B) + 1> = <A•B)/(C+B) 
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APPENDIX D 
Cross Tabulations 
OCU..O by FLASH 
oca.o e - 2 - FLASH ~ - 6 - B - 10 -1. 99 3.99 5.99 7.99 9.99 12 - 14 -
-14 - 11.99 13.99 15.99 TOTAL 
-19.91 
-19 - 2 
-£.91 
-£- 4 
-2.91 
-2 - 3 
1. 99 3 2 - 6 5.99 2 6 - 6 
9.99 3 10 - 7 
13.99 2 14 - 2 6 
17.99 2 ~ TOT~ 3 8 5 11 4 38 
OCil.O by CILlO 
CILlO 
OCULO 0 - .2- .4 - .6- .8 - 1 - 1.2 - 1. 4 - 1.6 -
.199 .399 .599 • 799 • 9989999 1.199 1.399 1. 599 1. 799 TOTil. 
-14-
-10.91 2 
-10 -
-6.01 3 4 
-£-
-2.01 2 3 
-2 -
1. 99 3 6 
2 -
5.99 2 6 
6 -
9.99 2 2 7 
10 -
13.99 2 6 
14 -
17.99 2 2 
" 
TOT~ 4 9 11 2 6 2 
" 
2 38 
page 37 
AUTO by CILlO 
CILlO 
AUTO 0- .2 - .4 - .6 - .8- I - 1.2 - 1. 4 - 1.6 -
.199 .399 .599 • 799 .9989999 1.199 1.399 1. 599 1. 799 TOUt. 
-17 -
-14.81 2 3 
-14 -
-11.81 2 
-11 -
-8.01 2 
-8 -
-5.01 
-5 -
-2.01 ' 2 3 
-2 -
.99 3 5 
1 -
3.99 
" It -6.99 2 2 5 
7-
9.99 
" 10 -12.99 2 
13 -
15.99 4 
16 -
18.99 2 
19 -
21.99 a 
22-
24.99 e 
25-
27.99 e 
28 -
39.99 
TOT~ 
" 
9 11 2 2 38 
rum by FLASH 
FLASH 12 - 14 -2- " - b -
8 - 10 -AUTO e - 9.99 11.99 13.99 15.99 TOTAL 1. 99 3.99 5.99 7.99 
-17 -
" -13.01 2 
-13 - 3 
-9.01 
-9 -
-5.01 
-5 - 2 5 
-1.01 
-1 - 2 7 2.99 2 
3 - 5 
6.99 2 
7 - 3 5 10.99 
11 - 2 " 14.99 
15 - 2 3 18.99 
19 - e 
22.99 
23 - 0 
26.99 
27 -
39.99 
5 11 4 2 38 TO Til. 3 8 
page 38 
FLASH by CILlO 
CILlO 
FLASH " - .2 - .4 -
,6 - .e - 1 - 1.2- 1.4 - 1.6 -
.199 .399 .599 • 799 .9989999 1.199 1.399 1.599 1. 799 TOT~ 
0 -
1.99 2 3 
2-
3.99 3 2 2 a 
4 -
5.99 5 
6 -
7.99 2 2 2 2 11 
8 -
9.99 2 4 
18 -
11.99 1 1 4 
12 -
13.99 2 
14 -
15.99 
TO Til. 9 11 2 2 6 2 2 38 
page 39 
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